The study of physiological stress and its context in free-ranging animals provides a means for understanding the challenges found in the natural habitat. Patterns of physiological stress in free-ranging animals have yet to be well characterized. Methodological difficulties in measuring physiological responses in the natural habitat have limited this area of research. In this research, physiological stress in free-ranging ring-tailed lemurs, Lemur catta, was estimated using a steroid-extraction method to measure cortisol levels from female faeces. Ten females were observed across two social groups in southwestern Madagascar during a 5-month period including portions of the annual wet and dry seasons. I used behavioural measures to estimate predation threat, food accessibility and individual dominance status, to determine whether these variables predict faecal cortisol levels. Faecal cortisol levels were relatively high during two distinct periods: one period coincided with late gestation and the other period corresponded with the end of the dry season, when high-intensity antipredatory behaviour and estimates of feeding effort were elevated. In addition, faecal cortisol measures were significantly correlated with dominance indices: high-index individuals had high cortisol values, and low-index individuals had low cortisol values. These results suggest that faecal cortisol measures can be used to assess seasonal and individual differences in adrenal activity in this lemurid primate, and that this measure could provide a means for quantifying physiological stress in free-ranging animals.
The study of physiological stress and its context in free-ranging animals provides a means for understanding the challenges found in the natural habitat. Patterns of physiological stress in free-ranging animals have yet to be well characterized. Methodological difficulties in measuring physiological responses in the natural habitat have limited this area of research. In this research, physiological stress in free-ranging ring-tailed lemurs, Lemur catta, was estimated using a steroid-extraction method to measure cortisol levels from female faeces. Ten females were observed across two social groups in southwestern Madagascar during a 5-month period including portions of the annual wet and dry seasons. I used behavioural measures to estimate predation threat, food accessibility and individual dominance status, to determine whether these variables predict faecal cortisol levels. Faecal cortisol levels were relatively high during two distinct periods: one period coincided with late gestation and the other period corresponded with the end of the dry season, when high-intensity antipredatory behaviour and estimates of feeding effort were elevated. In addition, faecal cortisol measures were significantly correlated with dominance indices: high-index individuals had high cortisol values, and low-index individuals had low cortisol values. These results suggest that faecal cortisol measures can be used to assess seasonal and individual differences in adrenal activity in this lemurid primate, and that this measure could provide a means for quantifying physiological stress in free-ranging animals.
© 1999 The Association for the Study of Animal Behaviour
Physiological stress involves a cascade of neurological, hormonal and immunological responses that promote energy mobilization and facilitate effective behavioural responses to challenges in the environment. One physiological stress response involves increased catecholamine (e.g. epinephrine) release from the adrenal medulla, often followed by increased secretion of glucocorticoid hormone (e.g. cortisol) from the adrenal cortex into the blood stream (for review see Sapolsky 1992). Many studies have used elevated blood glucocorticoid levels as an index of physiological stress in animals. However, this measure can be difficult to collect from free-ranging animals and can be compromised because capture and handling can lead to rapid and significant increases in circulating glucocorticoid levels (Sapolsky 1982; Astheimer et al. 1994; Wingfield et al. 1994) . Thus, studies conducted on the physiological stress response in free-ranging animals have been limited. Recent studies with felids have shown that traces of glucocorticoid hormones are detectable in faeces and can be used as a noninvasive measure of stress levels in free-ranging populations (e.g. Graham & Brown 1996) . In the present study, I make use of this novel approach to track faecal cortisol levels in two groups of free-ranging lemurs during portions of the wet and dry seasons.
Past studies with both laboratory and free-ranging animals suggest several potential stressor stimuli for freeranging animals. Laboratory studies with humans, tamarins and lagomorphs indicate that circulating glucocorticoid levels reflect reproductive state: late gestation is associated with a two-to three-fold increase in circulating cortisol levels, and postpartum is associated with a return to baseline cortisol levels (Mulay et al. 1973; Carr et al. 1981; Kriesten & Murawski 1988; Allolio et al. 1990; Ziegler et al. 1995; Lockwood et al. 1996) . Field studies have led many researchers to propose that predation threat, decreased food accessibility and social aggression or competition provide some of the most significant challenges facing free-ranging gregarious animals (e.g. Hamilton 1971; Alexander 1974; Wrangham 1980; Sapolsky 1982; van Schaik 1989; Creel et al. 1996 Creel et al. , 1997 . However, laboratory studies (e.g. Weiss 1970; Hanson et al. 1976 ) and a recent report by Wingfield & Ramenofsky (1997) emphasize that the 'predictability' or 'controllability' of a stimulus are the most important characteristics
